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LET’S GET PHYSICAL: A CONTEMPORARY REVIEW OF
THE ANXIOLYTIC EFFECTS OF EXERCISE FOR ANXIETY
AND ITS DISORDERS
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Research over the past few decades bas focused on the therapeutic effects of pbysi-
cal exercise among those affected by mood disorders. Only recently bas attention
turned to maladaptive and persistent expressions of anxiety, with a growing body
of evidence indicating promise for exercise as an effective treatment for some of
the anxiety disovders. The current review provides a comprebensive account of
contemporary rvesearch examining the anxiolytic effects of exercise for anxiety
disorders. We synthesize pertinent research vegarding the effects of various types
of exercise within the different anxiety disorders, consider impact of various types
of exercise regimens on anxiety, and examine potential anxiolytic mechanisms
responsible for positive mental bealth gains. We conclude with important con-
siderations for implementing exercise as a treatment for clinically significant
anxiety as well as future research directions. Depression and Anxiety 30:362—
373, 2013. © 2013 Wiley Periodicals, Inc.
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INTRODUCTION

North American guidelines recommend that adults ac-
cumulate atleast 150 min of moderate-to-vigorous phys-
ical activity every week in order to obtain substantial

health benefits.[:?] Only 15% of Canadian adults'*! and
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30% of American adults!* report meeting or exceed-
ing this recommendation, leaving a substantive portion
that lead generally sedentary lifestyles. Indeed, 36% of
American adults report not being physically active.*!
Epidemiolo&ical studies using cross-sectional®=®! and
prospective!®! data from large North American and Eu-
ropean samples have consistently found that individuals
who engage in regular physical activity are less likely to
suffer the same mental health problems as nonactive in-
dividuals. More than two decades ago the US National
Institute of Mental Health recognized the link between
physical activity and emotional well-being and empha-
sized the need for methodologically sound investigations
into the mechanisms thatunderlie the mental health ben-
efits of exercise.!’!

Anxiety disorders—the most commonly diagnosed
mental disorders—exert substantial economic strain
on society (e.g., increased health care costs and
utilization).l'% 1] Those affected are often faced with
numerous barriers to treatment (e.g., lack of availabil-
ity of services).['?] Recent research suggests that anxiety
disorders are on the rise; 1) thus, investigations of cost
efficient and widely accessible stand-alone or adjunc-
tive interventions may be of benefit. Mounting evidence
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indicates that exercise may be one such intervention.
There is considerable evidence that exercise confers ro-
tective effects against the acute effects of anxiety!!’~!7]
and reactivity to stressors.['82! Although the therapeu—
tic effects of exercise on anxiety disorders have received
comparatively less empirical attention to date, the avail-
able evidence is promising. What follows is a compre-
hensive review of contemporary literature examining the
anxiolytic effects of physical activity for specific anxiety
disorders as well as the effectiveness of specific exercise
paradigms in anxiety reduction, discussion of potential
anxiolytic mechanisms responsible for positive mental
health gains, important considerations for implementing
exercise as a treatment for clinically significant anxiety,
and suggested avenues for future research. The effects
of exercise on other disorders (e.g., mood disorders) are
reviewed elsewhere.[?1:2?]

Published studies were identified for inclusion in
the review using electronic searches of MEDLINE®,
PsycInfo®, and the Cochrane Library from 1995 to
November 2012. We used the search terms of “anxiety”
or full (e.g., “posttraumatic stress disorder” (PTSD))
and abbreviated (e.g., “OCD”) anxiety disorder names in
combination with “exercise,” “aerobic exercise,” “anaer-
obic exercise,” “resistance training,” “tai chi,” or “yoga.”
Studies that investigated specific anxiety disorders and
nonspecific anxiety measures using either self-report
or laboratory-measured physical activity were retained.
Several additional studies of relevance were identified
in reference sections of studies found via the electronic
searches and were included in the review.

EXERCISE AND THE ANXIETY
DISORDERS

Goodwinl®! examined the association between regular
physical activity and mental disorders using cross sec-
tional data from a large nationally representative sample
of American adults (N = 8,098). Data indicated that the
prevalence of panic attacks (OR = 0.73 [0.56-0.96]), so-
cial anxiety disorder (SAD; OR = 0.65 [0.53-0.80]), spe-
cific phobia (OR = 0.78 [0.63-0.97]), and agoraphobia
(OR = 0.64 [0.43-0.94]) were significantly lower among
those reporting regular physical activity than those who
did not. Although these findings suggest an association
between regular physical activity and lower prevalence
of some anxiety disorders, the nature of the investiga-
tion precludes conclusion regarding the effectiveness of
exercise in the reduction of anxiety symptoms. Table 1
summarizes the details of studies designed to specifically
assess the effects of exercise on several distinct anxiety
disorders.

MIXED SAMPLES

Martinsen and colleagues!?*! examined the effects of
8-week aerobic and nonaerobic exercise programs for
inpatients with panic disorder with agoraphobia, SAD,
and generalized anxiety disorder (GAD). Patients par-

ticipated in 30 min of exercise three times weekly. Both
exercise programs resulted in significant improvements
on clinician-rated and self-report measures of anxiety at
posttreatment, with no significant differences between
conditions. The small sample and lack of a nonexercise
or other control condition are major limitations of this
study. Usmg a somewhat different approach, Merom
et al I assessed whether cognitive behavior therapy
(CBT) supplemented with exercise was more effective
than CBT alone for outpatients with GAD, SAD, or
panic disorder. All patients received CBT and were ran-
domized to either a home-based walking group or ad-
ditional education sessions. The home-based walking
condition was not standardized; rather, each patient was
instructed to increase walking frequency to five times
or more per week for at least 150 min in total. Results
demonstrated that those in the home-based walking con-
dition reported significantly greater reductions in anx-
iety, depression, and stress at posttreatment than did
those receiving CBT without exercise.

PANIC DISORDER

Broocks and colleagues!?’) used a randomized con-
trolled trail (RCT) design to compare 10 weeks of aer-
obic exercise to clomipramine and pill placebo in 46 pa-
tients with panic disorder. Patients randomized to the
exercise condition were asked to complete a 4-mile route
three times weekly. Drop out rates were 31, 27, and
0% for the exercise, clomipraimmine, and placebo con-
ditions, respectively. Both treatments resulted in equal
reductions in anxiety and outperformed placebo at post-
treatment, but clomipramine yielded greater improve-
ments in Clinical Global Impression (CGI!?%)) ratings
than exercise. Wedekind and colleagues!?’] compared 10
weeks of exercise and relaxation, each combined with ei-
ther paroxetine or pill placebo, in 75 patients with panic
disorder with agoraphobia. All groups had reduced panic
symptoms at posttreatment, with the paroxetine treated
groups showing greater improvement than pill placebo
groups. All groups also showed improvements in CGI
ratings, with exercise plus paroxetine and relaxation plus
paroxetine outperforming relaxation plus placebo, and
exercise plus placebo showing a trend to outperform re-
laxation plus ]placebo. Most recently, when Hovland and
Colleagues[28 compared exercise to group CBT in 36
patients with panic disorder, both conditions produced
significant reductions in panic disorder symptoms; how-
ever, the group receiving CBT experienced greater over-
all reductions in symptoms at posttreatment and 1-year
follow-up than did the group receiving exercise. Collec-
tively, these findings suggest that exercise holds promise
as an intervention for panic disorder.

SAD

A more recent RCT compared exercise to
mindfulness-based stress reduction (MBSR) and
no treatment among 77 adults with SAD.*’l The
exercise intervention comprised three weekly aerobic
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TABLE 1. Studies examining the effects of exercise protocols on anxiety disorders

Duration/
Study Sample (1) Groups Exercise type frequency General findings
Martinsen et al.[?3] Agoraphobia (56) (1) Aerobic Aerobic versus 8 weeks/3 x 60 Both groups experienced
Social phobia (13)  (2) Anaerobic anaerobic min/week significant reductions in anxiety
GAD (10) at posttreatment.
Broocks et al.[>’] Panic disorder (46) (1) Exercise Aerobic 10 weeks/3—4 x no time Exercise and clomipramine
(2) Clomipramine  (walk/run) requirement groups had significantly less
(3) Placebo symptoms compared to placebo
group at posttreatment

Hovland et al. 2012281 Panic disorder (36) (1) Group exercise Day 1: walk/run; 12 weeks/3 x 60 Both groups reported improved

(2) Group CBT Day 2: circuit min/week panic disorder symptoms;
training; Day 3: however, participants in CBT
sports and games group demonstrated

significantly greater
improvements

Wedekind et al. 201027) Panic disorder with (1) Exercise + Aerobic 10 weeks;/4 x 45 All groups improved at

agoraphobia (75)  paroxetine (walk/run) and min/week (aerobic = 3;  posttreatment. Paroxetine was

(2) Relaxation + training session  trainer = 1) superior to placebo. Exercise

paroxetine with trainer had a trend toward more

(3) Exercise + pill improvement compared to

placebo relaxation.

(4) Relaxation +

pill placebo

Diaz and Mottal?¥] PTSD (12) None Aerobic 5 weeks/15 x <23 min  Reduction of PT'SD symptoms
(moderate but not anxiety and depression
intensity walk) at posttreatment.

Manger and Mottal3*]  PTSD (9) None Aerobic 12 sessions/30 min Reductions in PTSD,
(moderate depression, and anxiety
intensity walk) Symptoms at posttreatment.

Newman and Mottal>}]  PTSD (12) None Aerobic (60-90% 5 weeks/3 x per week  Reduction in PTSD symptoms
max heart rate) at posttreatment.

Brown et al.[3¢!] OCD (15) None Aerobic 12 weeks/3-4 x 20-40  Reduction in OCD symptoms
(moderate min/week at posttreatment and 6-month
intensity) follow-up.

Abrantes et al.[38] OCD (15) None Aerobic 12 weeks/3-4 x 2040  Reduction in obsessions at
(treadmill, bike, min/week weeks
elliptical) 1 and 12. Reduction in

compulsions at weeks 1 and 12.
Reductions at week 1 were
stronger than at week 12.
Merom et al.>4] N=41 (1) Group CBT +  Aerobic 8 weeks/increasing Reduced depression, anxiety,
GAD* psychoeducation  (home-based physical activity to 5x  and stress in CBT + exercise
SAD* (2) Group CBT +  walk) per week; 150 min total ~ group at posttreatment.
Panic exercise
disorder*

Herring et al.3] GAD (30) (1) Resistance Weightlifting Weightlifting: 2 weekly ~ Significant condition-by-time

training versus cycling sessions of lower body  interaction. Significant

(2) Aerobic exercise weight lifting reductions in worry symptoms

(3) Wait list Cycling: 2 weekly for both exercise conditions

sessions of leg cycling ~ when compared to wait list.

GAD, generalized anxiety disorder; PTSD, posttraumatic stress disorder; OCD, obsessive compulsive disorder; SAD, social anxiety disorder; CBT,

cognitive behavioural therapy.
*n not reported.

exercise sessions (two individual sessions plus one
group session) for eight weeks. Exercise sessions were
not monitored to ensure adherence to treatment
protocol or intensity of exercise. Aerobic exercise and
MBSR resulted in similar, significant improvements
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on measures of social anxiety, depressive symptoms,
and well-being at postintervention and 3-month
follow-up. Relative to no treatment, exercise decreased
scores (n?, = 0.25) on the Social Interaction Anxiety
Straightforward Scale (STAS-SBY), but there were not
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significant differences on the Liebowitz Social Anxiety
Scale-Self-Report (LSAS-SRI*Y). This study offers pre-
liminary and partial support for the efficacy of aerobic
exercise for the treatment of SAD. It is possible that a
supervised intervention would have produced more
robust effects.

GAD

Herring and colleagues!*?] reported on the results of a
small-scale RCT comparing 6 weeks of resistance train-
ing to 6 weeks of aerobic exercise in 37 adults with GAD.
Patients assigned to resistance training completed two
weekly sessions of lower-body weight lifting whereas pa-
tients assigned to aerobic exercise completed two weekly
sessions of leg cycling. Both groups evidenced significant
reductions (d =0.52 and d =0.54, respectively) in anxiety
as measured by the trait subscale of State-Trait Anxiety
Scale and worry as measured by the Penn State Worry
Questionnaire, with no significant between-group dif-
ferences.

PTSD

An 8-week program comprised of three weekly 40-min
aerobic sessions resulted in reduced PTSD, depression,
and anxiety symptoms among adolescent females diag-
nosed with PTSD.[**] Likewise, 90% of a sample of ado-
lescents with PT'SD who participated in a 5-week aerobic
exercise intervention (three sessions weekly at 60-90%
maximum heart rate [max HR]) experienced significant
reductions in PTSD symptoms at posttreatment and
over 50% showed significant reductions in general anx-
iety symptoms.** Similar findings have been reported
in a small sample of adults with PTSD following 12 40-
min sessions of aerobic exercise (60-86% max HR).
In each of these studies, reductions in PTSD symptoms
were maintained at 1-month follow up. Notwithstand-
ing, given the small sample sizes and lack of appropriate
control groups, the promising findings can only be con-
sidered preliminary.

OCD

Brown and colleagues!*®! enrolled 15 patients with
OCD in a 12-week moderate-intensity (55-69% max
HR) aerobic exercise program that included weekly
CBT-based exercise counseling.*¢! Patients exercised
three to four times weekly and increased from 20-min
to 40-min sessions as treatment progressed. Patients
reported significant improvement in overall sense of
well-being and significant reductions in OCD symp-
toms on the Yale-Brown Obsessive Compulsive Scale
(Y-BOCSB7)) from baseline to posttreatment (d = 1.69).
Gains were maintained at 6-month follow-up (4 =1.11),
and clinically significant changes were observed for 69%
of patients at posttreatment and 50% at 6-month follow-
up. In a follow-up study of the same sample, the authors
examined the acute effects of exercise on anxiety, obses-
sions, and compulsions.*®! They found large effects for
reductions in pre- to postexercise anxiety (d = —0.73) and

compulsions (d = —0.77), and a medium effect for reduc-
tions in obsessions (d = 0.62) in the first week of exercise.
Smaller acute eftects for all three measures were found
at week 12, suggesting that although exercise resulted in
significant reductions in anxiety, obsessions, and com-
pulsions throughout treatment, the greatest reductions
occurred earlier in treatment. These positive open trial
findings await replication and extension in large RCTss.

SUMMARY

There is, unfortunately, only a small number of stud-
ies assessing the effects of exercise as a treatment strategy
for the anxiety disorders. As described above, the major-
ity of studies are characterized by small samples, lack of
adequate controls, lack of systematic attention to possi-
ble dose-response relationships, limited consideration of
maintenance of gains following treatment, and primary
focus on aerobic activity. These issues are to be expected
in an emerging area of inquiry and provide opportu-
nity for future investigation. Notwithstanding, there is
work emerging from the investigation of individuals who
do not meet diagnostic criteria for an anxiety disorder,
but are characterized by significant anxiety, that have
informed understanding of the extent to which anxiety
symptoms change with different exercise modalities and
does (i.e., length if intervention, intensity, duration).

EFFECTIVENESS OF SPECIFIC
EXERCISE MODALITIES AND

DOSES
Exercise  protocols —emphasizing walking or
runningl?2%3%36] a5 well as gym-based programs

of exercise (e.g., resistance training, yoga, tai chi) have
been related to reduced anxiety (see Table 2). Typically,
aerobic exercise protocols engender temporary feelings
of psychological distress following an initial bout of
exercise, oftentimes precipitating greater nonadherence
to treatment protocols than that which is seen in control
groups;'>’! however, with time, positive 9s?7chological
states*®) and reduced anxiety ensue.’+?! Likewise,
resistance training appears to result in a temporary
increase in state anxiety immediately following the
exercise, which is followed by a return to baseline levels
20 to 60 min postexercise.*”*) Long-term resistance
training programs, on the other hand, are associated
with reductions in state and trait anxiety.[*'=* For
example, one study!™! compared the effects of a high
intensity/low volume (two sets of 8-10 repetitions at
75-80% at one repetition maximum [IRM]) and a low
intensity/high volume (two sets of 14-18 repetitions
at 55-65% 1RM) to a no exercise control condition
among 42 older adults (mean age = 68 years). Both
resistance-training conditions consisted of three weekly
sessions for 12 weeks. The two intensities (low and high)
showed similar reductions in tension and trait anxiety
at posttreatment, and both were greater than those
in the no treatment control.®! Similar effects were
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TABLE 2. Studies examining the effectiveness of different types of exercise for individuals without a mental disorder

Study

Sample (1)

Exercise type

Duration/frequency

General findings

Broman-Fulks
and Storey!**]

Smits et al.[%1]

Raglin et al.[17]

Tsutsumi
etal.[¥]

Bartholomew and
Linder!*4

Tsutsumi
etal.[*2]

Hale and
Raglin[1¥]

Broman-Fulks
etal.[%]

Feild et al.[#]

Streeter et al.[40]

Bibeau et al.[8%]

University students with
high AS (24)

University students with
high AS (60)

Healthy collegiate
athletes (26)

Healthy but sedentary
older women (36)

Healthy university
students (20)

Healthy but sedentary
older adults (42)

Healthy collegiate
athletes (16)

University students with
high AS (54)

Healthy adults (38)

Healthy adults (34)

Healthy university
students (104)

Aerobic exercise
(treadmill) versus no
exercise

Aerobic exercise
(treadmill) versus
aerobic exercise
(treadmill) plus
cognitive
restructuring versus
waitlist

Resistance training
versus aerobic exercise

High versus moderate
resistance training
versus control

Resistance training

High- versus
low-intensity
resistance training

Cross training

High-intensity aerobic
versus low-intensity
aerobic exercise

Tai chi/yoga

Yoga versus walking

Resistance training:
Control versus 4
groups (high/low
intensity and
long/short rest).

2 weeks/6 x 20
min/week

2 week/6 x 20
min/week

Single session/
30 min

12 weeks/3 days per

week

3 sessions separated

by > 3 days/20

min/session

12 weeks/3
days/week

2 sessions with 1
week between
sessions

2 weeks/6 x 20
min/week

Single session/
20 min

12 weeks/3 x 60
min/week

8 weeks/2 x 90
min/week

AS among exercisers reduced
significantly, whereas AS among
nonexercisers did not
significantly change.

Both exercise conditions had
reduced AS compared to waitlist;
cognitive restructuring did not
add to the effects of exercise

Reductions in state anxiety were
significantly associated with
aerobic exercise but not with
resistance training.

Both groups improved on positive
affect compared to control and
reduced tension and anxiety
postexercise period. Moderate
intensity group had significantly
reduced trait anxiety compared
to control.

Both males and females reported
increases in anxiety following
20 min of high-intensity exercise
(75-85% of IRM), as well as
significant decreases in anxiety
following low-intensity exercise
(40-50% of 1IRM).

Improved positive and negative
mood, trait anxiety, and
perceived confidence for physical
capability for both groups.

Reduced state anxiety.

Both conditions had significant
reductions in AS; however, the
high-intensity condition had a
more rapid reduction.

Increased relaxation and decreased
anxiety during class.

Greater improvements in mood
and decreased anxiety in the
yoga group

Significant main effect for
condition (low-long group
reported significantly higher
positive affect than control).
Significant effect for time on
anxiety (highest anxiety detected
at 5 min postexercise; significant
reductions in anxiety at both 20
and 40 min post exercise).

AS, Anxiety sensitivity; 1RM, One repetition maximum.
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found following a 24-week weight machine intervention
consisting of three 1-hr sessions per week.[*!) Elderly
participants who were randomized to the resistance
condition reported significant decreases in both state
and trait anxiety at posttreatment compared to the no
exercise control. Likewise, a 20-min class combining tai
chi movements and yoga postures resulted in significant
reductions in state anxiety from pre- to postexercise
in 38 healthy participants.[*! Another recent study
compared the effects of a 12-week yoga intervention
to a metabolically matched walking control condition
among 34 healthy participants.l*®] Both conditions
consisted of three 60-min sessions per week. By week
12, those in the yoga condition showed significantly
greater reductions in state anxiety as well as greater im-
provements in tranquility and revitalization, compared
to those in the walking condition. Together, these
results suggest that resistance training, yoga, and tai
chi, may serve as an alternative exercise treatment for
anxiety, which may be important for individuals unable
to participate in more vigorous or high-impact exercise
such as jogging.

Few studies have examined the dose-response relation
of exercise and anxiety reduction. One meta-analysis of
104 published and unpublished studies revealed that the
strength of anxiolytic effects varies by the length of the
exercise intervention.!'®) Programs lasting 16 weeks or
more showed the largest effects for reducing trait anxi-
ety (d = 0.63), whereas those lasting 10 to 15 weeks had
medium effects (d = 0.50 for 10-12 weeks; d = 0.36 for
12-15 weeks), and those under 10 weeks had small ef-
fects (d =0.17). This suggests that exercise interventions
should be at least 10 weeks in order to produce mean-
ingful reductions in trait anxiety. Data from the meta-
analysis also revealed that duration of exercise sessions
affect the magnitude of anxiety reductions. Bouts of ex-
ercise shorter than 20 min resulted in significantly lower
effect sizes (d = 0.04) for state and trait anxiety reduction
than exercise lasting 21 to 30 min (4 = 0.41); however,
a more recent review suggests that exercise session du-
ration is not predictive of anxiety reduction beyond the
effects explained by the degree of exercise intensity.[*’]
Intensity was inversely related to changes in positive af-
fect during and immediately following acute bouts of
exercise, such that higher intensities resulted in reduced
positive affect. In nonclinical samples, higher intensity
exercise was linked with greater reductions in anxiety in
physically fit participants relative to unfit participants,
indicating that the degree of acute benefit may be linked
to fitness level.l*’”) This finding contrasts with earlier
work suggesting that reductions in anxiety were inde-
pendent of cardiovascular fitness.[”’] Finally, a recent
meta-analysis of 49 studies suggests that an exercise fre-
quency of three to four times weekly elicits significantly
larger anxiolytic effects than both less frequent and more
frequent regimens; *! however, the limited number of
studies with exercise frequencies of one to two or greater
than five sessions per week may have resulted in unchar-
acteristically low effects in those frequency groups.

POTENTIAL MECHANISMS

Although the utility of physical exercise has received
preliminary support for ameliorating anxiety and anx-
iety disorder symptoms, little research has empirically
tested mechanisms potentially responsible for anxiolytic
effects. Several hypotheses have emerged. These, along
with emerging empirical evidence, are reviewed below.

REDUCTIONS IN ANXIETY SENSITIVITY AND
EXPOSURE TO FEARED BODILY SENSATIONS

Several studies!**-! have demonstrated short bouts

of aerobic exercise as effective in reducing high levels of
anxiety sensitivity (AS; the propensity to fear anxiety sen-
sations based on the appraisal that they will lead to catas-
trophic consequences!°?!), a trait characteristic of most
anxiety disorders.l**] Each study used a similar protocol
comprising six sessions of aerobic exercise over a 2-week
period. Exercise resulted in significant AS reductions
compared to nonexercising!*’! and waitlist control,!]
and significant AS reductions among both high- and low-
intensity exercisers.!*”] Moreover, the magnitude of AS
reduction was comparable among those who participated
in aerobic exercise alone and those who did so in con-
junction with cognitive restructuring.l’!) The therapeu-
tic effects of aerobic exercise may be, in part, attributable
to the direct targeting of AS; accordingly, in addition to
the general benefits on anxiety reduction exercise, may
also serve as a means of natural exposure to feared bodily
sensations.

The immediate therapeutic effects of exposure to
feared bodily sensations through aerobic exercise was
tested by Strohle and colleagues.!”*?!! Patients with
panic disorder participated in either aerobic exercise for
30 min at 70% maximum oxygen consumption or quiet
rest. Results suggested that those who engaged in aerobic
exercise had fewer instances of experimentally induced
panic attacks than those who rested quietly. Stréhle and
colleagues!?%2!) suggest that exercise-based exposure to
feared bodily was therapeutic because it may have served
to demonstrate the nonthreatening nature of physical
sensations. Esquivel and colleagues!'®) also found that
single sessions of moderate/hard aerobic exercise, com-
pared to light/very light exercise, corresponded with
significantly fewer experimentally induced panic attacks
(i.e., 35% CO; inhalation) in patients with panic dis-
order. Additionally, participants in the moderate/heavy
group reported less distress to feared bodily sensations
than did those in the light/very light group, suggesting
a dose-response relationship wherein larger (i.e., more
intense) single doses of exercise are more effective at pre-
cipitating therapeutic effects.

Similar to the anxiety reduction techniques often em-
ployed in CBT, such as interoceptive exposure (i.e., sys-
tematic and controlled exposure to feared bodily sen-
sations), aerobic exercise has been shown to engender
reductions in all three AS dimensions (fear of phys-
ical sensations, cognitive dyscontrol, and socially ob-
servable symptoms’*#). Aerobic exercise may, therefore,
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constitute a type of interoceptive exposure, evoking
physiological changes (e.g., elevations in HR, muscle
tension, shortness of breath, sweating) that mimic the
anxiety responses of those with clinically significant anx-
iety. Like other interoceptive exposure strategies, expo-
sure to exercise-induced bodily sensations may facilitate
discovery that the sensations are discomforting but not
catastrophic. As described in the next section, routine ex-
ercise also changes physiology such that arousal becomes
less marked during stressful situations, further reducing
the likelihood of catastrophic interpretations of bodily
sensations.

PHYSIOLOGICAL ADAPTATIONS

Strenuous physical exercise has been found to pro-
vide physiological resilience to stressful mood states.>’]
Specifically, neuroendocrine adaptations,!*%) increases in
body teln}g)erature,["7J changes in central serotonergic
systems,*®] and increases in endorphin production!>”]
following exercise have been posited as mechanisms by
which physical exercise regulates negative psychologi-
cal states. Although detailed review is beyond the scope
and intent of this review, general details of physiological
effects may aid in understanding potential therapeutic
mechanisms.

Thermoregulatory mechanisms are known to influ-
ence homeostasis, which becomes threatened during
physiological arousal (for reviews seel®%61)). Exercise in-
creases metabolic heat production and exposure to sub-
lethal homeostatic changes that mimic anxiety-induced
neurochemical processes. Repeated exposure to such
changes through exercise may, therefore, facilitate tol-
erance to arousal and stress.|®! Similarly, production
of B-endorphins, adrenocorticotropic hormone, and
endogenous opioid peptide neurotransmitters with
analgesic properties serve to reduce arousal at the
neuronal level.[?] Research examining peripheral blood
levels has found elevations in 8-endorphins and adreno-
corticotropic hormones after various types of exercise
and associated reductions in anxiety.[®] Finally, exer-
cise down-regulates the hypothalamic—pituitary—adrenal
axis and sympathetic nervous system—systems that
tend to become dysregulated as a function of chronic
stress—thereby normalizing release of cortisol and cate-
cholamines and reducing arousal and distress (for reviews
seel0%65).

There is preliminary evidence suggesting that exer-
cise may augment CBT for anxiety disorders by op-
timizing systems for extinction learning. In a recent
study, Peters and colleagues!®! found that the con-
solidation of extinction memory within the infralimbic
medial prefrontal cortex is mediated by brain-derived
neurotrophic factor (BDNF), an established molecu-
lar mediator of memory consolidation.!%”) These find-
ings indicate that increasing hippocampal BDNF may
be a useful target for augmenting extinction-based psy-
chotherapies such as CBT. Indeed, baseline serum
BDNEF levels among persons with panic disorder have
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been shown to be predictive of response to exposure-
based treatment, such that those with higher serum
BDNF levels show greater response compared to those
with lower serum BDNF levels.l?®! These findings are
particularly interesting considering that individuals with
anxiety disorders have been shown to have relatively low
levels of BDNF.['8] Strohle and colleagues!®”) compared
individuals with panic disorder to normal controls be-
fore and after a 30-min bout of moderate-intensity ex-
ercise. They found that patients with panic disorder had
significantly reduced BDNF concentrations relative
to normal controls at baseline. Moreover, 30 min
of moderate-intensity exercise significantly increased
BDNF concentrations in those with panic disorder,
whereas no changes in BDNF concentrations were ob-
served in the control participants.

IMPROVEMENTS IN SLEEP

There is a strong relationship between exercise and
sleep improvements (for review seel®’)). Sleep distur-
bances, daytime sleepiness, nightmares, and poor sleep
quality are prevalent among individuals with anxiety
disorders!”"-73]. Researchers have posited that central
nervous system adaptations to anxiety lead to increases
in startle response!’® and dysfunctional rapid eye move-
ment (REM) sleep.’*l Exercise has been shown to
improve sleeP in individuals affected by anxiety and
depression!’”] by enhancing physiological consequences
that promote sleep (e.g., depleting energy stores, break-
ing down tissue, elevating body temperature (for review
seel’8)) which, in turn, reduces depressive symptoms and
trait anxiety.!”’]

MASTERY AND SELF-EFFICACY

Successful completion of an exercise regimen, espe-
cially at higher intensities, may engender a sense of mas-
tery; that is, exercise may reinforce adaptive beliefs that
one has the power to influence his or her environment
and bring about desired outcomes.””) Mastery has been
shown to moderate negative consequences of set-backs
and restore hope;®") indeed, an increased sense of mas-
tery is associated with positive psychological states.!!]
In essence, mastery stemming from exercise-related
successes appear to counteract catastrophic thinking
characteristic of anxious individuals, further increasing
feelings of mastery and self-efficacy that reduce psycho-
logical distress. Steptoe and colleagues!®?! observed par-
allel increases in perceived coping and anxiety reduction
in anxious individuals who initiated an exercise program.
There is also evidence that some forms of exercise may
be more effective than others in this regard; specifically,
Bodin and Martinsen!®}! found that exercise-targeting
self-efficacy (e.g., 45 min of martial arts) corresponded
with significantly greater improvements in state anxiety.
Exercise may also teach persistence in the presence of
negative somatic and emotional states,®*! thereby in-
creasing sense of mastery and self-efficacy. By train-
ing persistence with exercise, exercise interventions may
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have more general effects on returning participants to
adaptive activity.

CHANGES IN AFFECTIVE STATUS

Improvements in positive affect’®’] and reduction in
negative affect!3¢! have been found to immediately follow
bouts of anaerobic and aerobic exercise and persist for up
to 4 hr following exercise cessation.!') Notably, maximal
affective benefits of exercise are activated almost imme-
diately upon beginning an exercise regimen.!'¢! Persis-
tent changes in affective status, including improvements
in physical self-concept and global self-esteem!®7), have
also been recognized when exercise regimens are made
routine (e.g., 10 weeks or greater!!%)). These finding sug-
gest a near immediate yet potentially long-lasting ef-
fect precipitated by exercise if maintained. Findings are,
nonetheless, mixed regarding the relative contribution of
exercise intensity to acute changes in affective status;*’]
for example, on beginning an exercise regimen, individu-
als have been known to report discomfort and increases
in negative affect immediately after exercise. As such,
an emphasis on light-intensity exercise programs for pa-
tients new to exercise may help to enhance psychological
benefits that, in turn, may increase compliance and ad-
herence to prescribed protocols.*!

DISTRACTION AND INTERRUPTING SOCIAL
WITHDRAWAL

The social interactions and interrupted social iso-
lation brought on by the behavioral activation aspect
of physical activity among those with anxiety disorders
has also been posited as an important therapeutic ef-
fect (for review seel®*%8)). Indeed, it is well established
that modification of self-perpetuating patterns such as
social withdrawal and inaction may be critical to thera-
peutic change, 3"l whereas behavioral activation is rec-
ognized as an efficacious treatment for anxiety disorders
such as PTSD.[?! Exercise may provide an opportunity
to become engaged in an activity that distracts from neg-
ative thoughts, providing an escape from daily stresses
and concerns.[?16%93:94 There are, however, important
caveats regarding the use of exercise as distraction. In
particular, if therapeutic effects of exercise are primarily
a function of interoceptive exposure, then use of exer-
cise as a distraction may diminish overall effectiveness
as an anxiolytic. Although researchers often remind par-
ticipants to focus on their bodily sensations during ex-
ercise to ensure that they receive sufficient interocep-
tive exposure,l’!) further research is needed to establish
whether these instructions produce greater gains than
instructions geared toward distraction.

SUMMARY

A number of mechanisms have been hypothesized to
explain the anxioltyic effects of physical exerice. Despite
growing empirical scrutiny, our understanding of these
mechanisms remains in its infancy. Additional research is
needed to elucidate potential mechanisms as well as their

impact on pscyhological well-being, biological systems,
and the interaction between these.

CHALLENGES OF
IMPLEMENTATION

In the Spring of 2012, major media headlines trum-
peted the failure of exercise to treat depression. The
source of these headlines was the publication of the
UK TREAtment of Depression with physical activity
(TREAD) study.[**) This large-scale RCT examined the
benefit of an exercise intervention relative to usual care
for 361 adults in general practice in Bristol and Exeter.
Although no differences between the treatment groups
were found for Beck Depression Inventory scores, a
striking feature of the study is the failure to achieve
the targeted exercise outcomes among the study partici-
pants. In fact, at the 4-month outcome, there was only a
9% difference in rates of exercise among the treatment
groups (52% meeting a self-report exercise criterion for
the exercise condition compared to 43% for the usual
care condition), with no treatment by time interaction
for exercise over the follow-up period. Also, the origi-
nal article and subsequent widespread dissemination of
these null results occurred with little mention of the large
number of exercise treatment trials demonstrating effi-
cacy for depression!?1:??) or related conditions, such as
the anxiety disorders. Whereas it is hard to imagine the
successful refutation of antidepresant efficacy in a single
RCT with only a 9% difference in the use of the tar-
geted medication, major media outlets quickly reported
the failure of mood effects for the exercise intervention,
raising questions whether there is a general resistance to
the notion of using exercise as a treatment for mood or
anxiety disorders. On one hand, exercise is a broad spec-
trum (efficacious for both depression and anxiety) and
affordable treatment strategy that has the additional ben-
efits of reduced morbidity and mortality!”>~7! and im-
proved cognitive function.[”®*’) On the other hand, both
providers and patients may be aware of the widespread
failure of exercise adoption for fitness goals!!! and may
be skeptical about the efficacy and feasibility of this inter-
vention more generally. What is undeniable is that there
is great variability in adherence to exercise interventions
across trials, with the relative failure of exercise promo-
tion in the UK TREAD study and successful adoption
of exercise in other trials.[%>#%100,101]

To meet the challenge of this variability, the sci-
ence of exercise adherence is growing.l'?] One cen-
tral factor for adherence is pleasure during exercise,
with pleasure ratings 0]:B)redicting amount of exercise 6
to 12 months later.!®*] Pleasure and comfort during
exercise is affected by at least two cognitive risk fac-
tors relevant to those with anxiety disorders. The first,
AS, is, as described above, successfully reduced by reg-
ular exercise,’!! but may prevent individuals from at-
tempting this exercise; that is, feelings of exhertion
mimic the feared sensations of anxiety that are AS and,
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accordingly, elevated AS scores predict fear during exer-
cise as well as lower rates of exercise.!"*1%] The sec-
ond cognitive risk factor is social physique anxiety, a
construct related to anxiety regarding one’s figure or
physique,['%1%7] and conceptually similar to fears of
negative evaluation as applied to the exercise environ-
ment. Social physique anxiety has been found to pre-
dict negative affect durin(é exercise, particularly among
overweight individuals.!'®®! Both of these cognitive risk
factors—AS and social physique anxiety—may be impor-
tant targets for intervention to help anxious individuals
have a better experience as an exercise routine is estab-
lished.

Aside from these specific risk factors, providers may
need to address any of a number of motivational is-
sues when prescribing exercise. Like any treatment, pa-
tients bring to the session their expectations about what
sort of interventions are preferred or efficacious,!'*%-111]
and these preferences shape the acceptability of inter-
ventions and, to some degree, treatment outcome.!!!?]
With regard to exercise interventions, expectancies may
be shaped by a patient’s history of exercise attempts and
failures. Accordingly, although an exercise prescription
for anxiety or mood is fairly straightforward (e.g., work-
ing up to four or five 40-min sessions of moderate ex-
ercise per week), schedule and motivation management
interventions may need to be applied for establishing
and maintaining an exercise intervention.!!''’) Regard-
less of approach, the available data suggest that adding
on time to standard sessions is sufficient to help patients
with anxiety disorders adopt a program of exercise; for
example, Merom et al.>*! prescribed exercise in the con-
text of 15- to 30-min meetings that followed group CBT
sessions and found a significant increment in anxiolytic
efficacy. In the initial meeting patients were given pe-
dometers and log books, and subsequently the benefits
of exercise and a home walking program was discussed
and monitored over time. Therapist guides,[!'* patient
workbooks,[!*] and self-help books!'%) are now avail-
able to facilitate this process, if desired.

FUTURE DIRECTIONS AND
CONCLUSIONS

There are numerous research directions and opportu-
nities, highlighted in the preceding sections, which war-
rant further empirical inquiry. Within each of the anx-
iety disorders there is a need for additional systematic
evaluation of the effects of various exercise protocols us-
ing larger samples, adequate controls, attention to vary-
ing exercise paramenters (e.g., different intensities and
durations, different exercise modailities, group versus
individual programs, with and without psychotherapy
or pharmacotherapy), and evaluation of maintenance of
gains over longer follow-up periods. Developing strate-
gies to maximize adherence to exercise protocols may
be particularly important in the context of maintaining
gains. Knowledge and understanding of the mechanisms
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through which exercise is effective as an anxiolytic re-
mains limited; thus, more research on putative psycho-
logical and biological mechanisms and their interactions
is warranted. Notwithstanding, available evidence gen-
erally supports patient-appropriate prescription of exer-
cise (i.e., tailored to current fitness and physical health)
as a promising addition to psychosocial and/or pharma-
cologic treatment of clinically significant anxiety.

REFERENCES

1. Centers for Disease Control and Prevention. Prevalence of no
leisure-time physical activity — 35 states and the District of
Columbia, 1988-2002. Morb Mortal Wkly Rep 2004;53:82—
86.

2. Public Health Agency of Canada. Physical activity tips for adults
(18-64 years). Retrieved March 26 2012, http://www.phac-
aspc.ge.ca/hp-ps/hl-mvs/pa-ap/07paap-eng.php

3. Statistics Canada. Canadian Health Measures Survey: phys-
ical activity of youths and adults. Retrieved August 12 2011,
http://www.statcan.gc.ca/daily-quotidien/110119/dq110119b-
eng.htm

4. US Department of Health and Human Services. 2008 Physical
Activity Guidelines for Americans. Washington, DC: U.S: De-
partment of Health Services; 2008.

5. Goodwin RD. Association between physical activity and men-
tal disorders among adults in the United States. Prev Med
2003;36:698-703.

6. Stephens T. Physical activity and mental health in the United
States and Canada: evidence from four popular surveys. Prev
Med 1988;30:17-25.

7. De Moor MHM, Beem AL, Stubbe JH, Boomsma DI, De
Geus EJC. Regular exercise, anxiety, depression and per-
sonality: a population-based study. Prev Med 2006;42:273—
279.

8. Strohle A, Hofler M, Pfister h, et al. Physical activity and preva-
lence and incidence of mental disorders in adolescents and young
adults. Psychol Med 2007;37:1657-1666.

9. Morgan WP, Goldston SE. Exercise and Mental Health. Wash-
ington, DC: Hemisphere Publishing Corp; 1987.

10. Gum AM, King-Kallimanis B, Kohn R. Prevalence of mood,
anxiety, and substance-abuse disorders for older Americans in
the National Comorbidity Survey — replication. Am ] Geriatric
Psych 2009;17:769-781.

11. Greenberg PE, Sisitsky T, Kessler RC, et al. The economic bur-
den of anxiety disorders in the 1990s. J Clin Psych 1999;60:427—
435.

12. Sareen J, Cox BJ, Stein MB, Afifi TO, Fleet C, Asmund-
son GJG. Physical and mental comorbidity, disability, and sui-
cidal behaviour associated with posttraumatic stress disorder
in a large community sample. Psychosom Med 2007;69:242—
248.

13. Bahrke MS, Morgan WP. Anxiety reduction following exercise
and meditation. Cogn Ther Res 1978;2:323-333.

14. Hale BS, Raglin JS. State anxiety responses to acute resistance
training and step aerobic exercise across 8-weeks of training. J
Sports Med Phys Fit 2002;42(1):108-112.

15. Knapen J, Sommerijns E, Vancampfort D, et al. State anxiety
and subjective well-being responses to acute bouts of aerobic
exercises in patients with depressive and anxiety disorders. Br J
Sports Med 2009;43:756-759.

16. Petruzzello S, Landers DM, Hatfeild BD, Kubitz KA, Salazar
W. A meta-analysis on the anxiety-reducing effects of acute



17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Review: Exercise and Anxiety Reduction

and chronic exercise. Outcomes and mechanisms. Sports Med
1991;11:143-182

Raglin JS, Wilson M. State anxiety following 20 minutes of bi-
cycle ergometer exercise at selected intensities. Intern J Sports
Med 1996;17:467-471.

. Esquivel G, Diaz-Galvis J, Schruers K, Berlanga C, Lara-Munoz

C, Griez E. Acute exercise reduces the effects of a 35% CO; chal-
lenge in patients with panic disorder. J Affect Dis 2008;107:217—
220.

Rejeski JW, Thompson A, Brubaker PH, Miller HS. Acute ex-
ercise: buffering psychosocial stress responses in women. Health
Psych 1992;11:355-362.

Strohle A, Feller C, Onken M, et al. The acute antipanic activity
of aerobic exercise. Am J Psychiatry 2005;162:2376-2378.
Strohle A. Physical activity, exercise, depression and anxiety dis-
orders. ] Neural Trans 2009;116:777-784.

Mead GE, Morley W, Campbell P, Greig CA, Mec-
Murdo M, Lawlor DA. Exercise for Depression (Re-
view). Cochrane Database of Systematic Reviews, 3.
DOI:10.1002/14651858.CD004466.pub4

Martinsen EW, Hoffart A, Solberg O. Comparing aerobic with
nonaerobic forms of exercise in the treatment of clinical de-
pression: a randomized trial. Compr Psychiatry 1989;30(4):324—
331

Merom D, Phongsavan P, Wagner R, etal. Promoting walking as
an adjunct intervention to group cognitive behavioural therapy
for anxiety disorders — a pilot group randomized trial. ] Anxiety
Disord 2008;22:959-968.

Broocks A, Bandelow B, Pekrun G, et al. Comparison of aerobic
exercise, clompipramine, and placebo in the treatment of panic
disorder. Am J Psychiatry 1998;155:603-609.

Guy W, editor. Clinical global impressions. In: ECDEU Assess-
ment Manual for Psychopharmacology. Revised. Rockville, MD:
National Institute of Mental Health; 1976.

Wedekind D, Broocks A, Weiss N, Engel K, Neubert K, Ban-
delow B. A randomized controlled trial of aerobic exercise in
combination with paroxetine in the treatment of panic disorder.
World J Bio Psychiatry 2010;11:904-913.

Hovland A, Nordhus TH, Sjebe T, et al. Comparing physi-
cal exercise in groups to group cognitive behaviour therapy
for the treatment of panic disorder in a randomized con-
trolled trial. Behav Cogn Psychother, available on CJO2012.
doi:10.1017/51352465812000446.

Jazaieri H, Golden PR, Werner K, Ziv M, GrossJJ. A randomized
trial of MBSR versus aerobic exercise for social anxiety disorder.
J Clin Psychol 2012;68:715-731.

Rodebaugh TL, Woods CM, Heimbeurg RG. The reverse of
social anxiety is not always the opposite: the reverse-scored items
of the social interaction anxiety scale do not belong. Behav Ther
2007;38:192-206.

Fresco DM, Coles ME, Heimberg RG, et al. The Liebowitz
social anxiety scale: a comparison of the psychometric properties
of self-report and clinician-administered formats. Psychol Med
2001;31:1025-1035.

Herring MP, Jacob ML, Suveg C, Dishman RK, O’Connor
PJ. Feasibility of exercise training for the short-term treat-
ment of generalized anxiety disorder. Psychother Psychosom
2012:81:21-28.

Newman CL, Motta RW. The effects of aerobic exercise on
childhood PTSD, anxiety and depression. Intern ] Emerg Ment
Health 2007;9(2):133-158.

Diaz AB, Motta R. The effects of an aerobic exercise program
on posttraumatic stress disorder severity in adolescents. Intern J
Ment Health 2008;10:49-59.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

371

Manger TA, Motta RW. The impact of an exercise program on
posttraumatic stress disorder, anxiety, and depression. Intern J
Emerg Ment Health 2005;7(1):49-57.

Brown RA, Abrantes AM, Strong DR, et al. A pilot study of
moderate-intensity aerobic exercise for obsessive compulsive dis-
order. ] Nerv Ment Dis 2007;195:514-520.

Goodman WK, Price LH, Rasmussen SA, et al. The Yale-Brown
Obsessive-Compulsive Scale. I. Development, use, and reliabil-
ity. Arch Gen Psychiatry 1989;46:1006-1011.

Abrantes AM, Strong DR, Cohn A, et al. Acute changes in ob-
sessions and compulsions following moderate-intensity aerobic
exercise among patients with obsessive-compulsive disorder. J
Anxiety Dis 2009;23:923-927.

Bibeau WS, Moore JB, Mitchell NG, Vargas-Tonsing T,
Bartholomew JB. Effects of acute resistance training of differ-
ent intensities and rest periods on anxiety and affect. J Strength
Cond Res 2010;24:2184-2191.

RaglinJS, Turner PE, Eksten F. State anxiety and blood pressure
following 30 min of leg ergometry or weight training. Med Sci
Sport Exerc 1993;25:1044-1048.

Cassilhas RC, Antunes HKM, Tufik S, de Mello M'T. Mood,
anxiety, and serum IGF-1 in elderly men given 24 weeks of high
resistance exercise. Percept Motor Skills 2010;110:256-276.
Tsutsumi T, Don BM, Zaichkowsky LD, Takenaka K, Oka K,
Ohno T. Comparison of high and moderate intensity of strength
training on mood and anxiety in older adults. Percept Motor
Skills 1998;87:1003-1011.

Tsutsumi T, Don BM, Zaichkowsky LD, Delizonna LL. Physical
fitness and psychological benefits of strength training in com-
munity dwelling older adults. Appl Human Sci 1997;16:257—
266.

Bartholomew JB, Linder DE. State anxiety following resistance
exercise: the role of gender and exercise intensity. ] Behav Med
1998;21:205-219.

Field T, Diego M, Hernandez-Reif M. Tai chi/yoga effects on
anxiety, heart rate, EEG and math computations. Comp Ther
Clin Pract 2010;16:235-238.

Streeter CC, Jensen JE, Perlmutter RM, et al. Yoga asana ses-
sions increase brain GABA levels: a pilot study. ] Alt Comp Med
2010;13:419-426.

Ekkekakis P, Petruzzello SJ. Acute aerobic exercise and affect:
current status, problems and prospects regarding dose-response.
Sports Med 1999;28(5):337-374.

Wipfli BM, Rethorst CD, Landers DM. The anxiolytic effects of
exercise: a meta-analysis of randomized trials and dose-response
analysis. ] Sport Ex Psych 2008;30:392—410.

Broman-Fulks JJ, Berman ME, Rabian B, Webster MJ. Ef-
fects of aerobic exercise on anxiety sensitivity. Behav Res Ther
2004;42:125-136.

Broman-Fulks JJ, Storey KM. Evaluation of a brief aerobic ex-
ercise intervention for high anxiety sensitivity. Anxiety Stress
Coping 2008;15:188-203.

Smits JAJ, Berry AC, Rosenfield D, Powers MB, Behar E, Otto
M. Reducing anxiety sensitivity with exercise. Depress Anxiety
2008;25:689-699.

Reiss S, McNally, R. The expectancy model of fear. In: R Reiss,
RR Bootzin, editors. Theoretical Issues in Behaviour Therapy.
New York, NY, Academic Press; 1985:107-1211.

Taylor S, Koch W], McNally RJ. How does anxiety sensitiv-
ity vary across anxiety disorders? ] Anxiety Disord 1992;6:249—
259.

Broman-Fulks JJ, Green BA, Berman ME, et al. The latent struc-
ture of anxiety sensitivity — revisited. Assessment 2008;15:188—
203.

Depression and Anxiety



372

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Asmundson et al.

O’Connor PJ, Raglin JS, Martinsen EW. Physical activity, anx-
iety and anxiety disorders. Intern J Sport Psychol 2000;31:136—
155.

Dishman DK. Brain monoamine, exercise, and behavioural
stress: animal models. Med Sci Sports Exerc 1997;29:63-74.
Koltyn Kr. The thermogenic hypothesis. In: WP Morgan, editor,
Physical Activity and Mental Health. Washington, DC: Taylor
& Francis; 1997:213-226.

Chaouloff F. Effects of acute physical exercise on central sero-
tonergic systems. Med Sci Sports Exerc 1997;29:58-62.
Hoffman P. The endorphin hypothesis. In: WP Morgan, editor,
Physical Activity and Mental Health. Washington, DC: Taylor
& Francis; 1997:163-177.

Klimes-Dougan B, Hastings PD, Granger DA, Usher BA, Zahn-
Waxler C. Adrenocortical activity in at-risk and normally devel-
oping adolescents: individual differences in salivary cortisol basal
levels, diurnal variations, and responses to social challenges. Dev
Psychopathol 2001;13:695-719.

Leong Lim C, Byrne C, Lee JKW. Human thermoregulation
and measurement of body temperature in exercise and clinical
settings. Ann Acad Med Singap 2008;37:347-353.

Steinberg H, Sykes EA. Introduction to symposium on endor-
phins and behavioural processes; review of literature on endor-
phins and exercise. Pharmacol Biochem Behav 1985;23:857—
862.

de Meirleir K, Naaktgeborne N, Van Steirteghem A, Gorus F,
Olbrecht J, Block P. Beta-endorphin and ACTH levels in pe-
ripheral blood during and after aerobic and anaerobic exercise.
Eur J Appl Physiol Occup Physiol 1986;55:5-8.

Salmon P. Effects of physical exertion on anxiety, depression,
and sensitivity to stress: a unifying theory. Clin Psych Rev
2001;21:33-61.

Ross A, Thomas S. The health benefits of yoga and exercise:
a review of comparison studies. ] Altern Complementry Med
2010;16:3-12. doi:10.1089/acm.2009.0044.

Peters J, Kalivas PW, Quirk GJ. Extinction circuits for fear and
addiction overlap in prefrontal cortex. Learn Mem 2009;16:279—
288.

Faulkner GEJ, Taylor AH. Exercise, Health and Mental Health:
Emerging Relationships. New York, NY: Routledge; 2005.
Schwarzer R, Luszczynska A, Zieglmann JP, Scholz U, Lippke
S. Social-cognitive predictors of physical exercise adherence:
three longitudinal studies in rehabilitation. Health Psychol
2008;27:554-S63.

Swohle A, Stoy M, Graetz B, et al. Acute exercise ameliorates
reduced brain-derived neurotropic factor in patients with panic
disorder. Psychoneuroendocrinology 2010;35:364-368.

Hasler G, Buysse DJ, Gamma A, et al. Excessive daytime sleepi-
ness in young adults: a 20-year prospective community study. J
Clin Psychiatry 2005;66:521-529.

Lamarche LJ, De Koninck J. Sleep disturbances in adults
with posttraumatic stress disorder: a review. ] Clin Psychiatry
2007;68:1257-1270.

Ohayon MM. Prevalence and correlates of nonrestorative sleep
complaints. Arch Intern Med 2005;165:35-41.

Overbeek T, van Diest R, Schruers K, Kruizinga F, Griez E.
Sleep complaints in panic disorder patients. ] Nerv Ment Dis
2005;193:488-493.

Ross RJ, Ball WA, Sullivan KA, Caroff SN. Sleep disturbances
as the hallmark of posttraumatic stress disorder. Am J Psychiatry
1989;146:697-707.

Spoormaker VI, van den Bout J. Depression and anxiety
complaints; relations with sleep disturbances. Eur Psychiatry
2005;20:243-245.

Depression and Anxiety

76

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Shalev AY, Peri T, Brandes D, Freedman S, Orr SP, Pitman
RK. Auditory startle response in trauma survivors with post-
traumatic stress disorder: a prospective study. Am J Psychiatry
2000;157:255-261.

Brand S, Gerber M, Beck J, Hatzinger M, Pithse U, Holsboer-
Trachsler E. High exercise levels are related to favourable sleep
patterns and psychological functioning in adolescents: a compar-
ison of athletes and controls. J Adoles Health 2010;46:133-141.
Youngstedt SD. Effects of exercise on sleep. Clin Sports Med
2005;24:355-365.

Pearlin LI, Schooler C. The structure of coping. ] Health Soc
Behav 1978;19:2-21.

Schwarzer R, Luszczynska A, Zieglmann JP, Scholz U, Lippke
S. Social-cognitive predictors of physical exercise adherence:
three longitudinal studies in rehabilitation. Health Psychol
2008;27:S54-S63.

Dalgard OS, Mykletun A, Rognerud M, Johanse R, Zahl PH.
Education, sense of mastery and mental health: results from a
nationwide health monitoring study in Norway. BMC Psychiatry
2007;7:7-20.

Moses J, Steptoe A, Mathews A, Edwards S. The effects of exer-
cise training on mental well-being in normal population: a con-
trolled trial. ] Psychosom Res 1989;33:47-61.

Bodin T, Martinsen EW. Mood and self-efficacy during acute
exercise in clinical depression: a randomized, controlled study. J
Sport Exerc Psychol 2004;26(4):623-633.

Stathopoulou G, Powers MB, Berry AC, Smits JAJ, Otto MW.
Exercise interventions for mental health: a quantitative and qual-
itative review. Clin Psychol 2006;13:179-193.

Bibeau WS, Moore JB, Mitchell NG, Vargas-Tonsing T,
Bartholomew JB. Effects of acute resistance training of differ-
ent intensities and rest periods on anxiety and affect. ] Strength
Cond Res 2010;24:2184-2191.

Abrantes AM, Strong DR, Cohn A, et al. Acute changes in ob-
sessions and compulsions following moderate-intensity aerobic
exercise among patients with obsessive-compulsive disorder. J
Anxiety Dis 2009;23:923-927.

Knapen J, Van de Vliet P, Van Coppenolle H, et al. Compari-
son of changes in physical self-concept, global self-esteem, de-
pression and anxiety following two different psychomotor ther-
apy programs in nonpsychotic psychiatric inpatients. Psychother
Psychosom 2005;74:353-361.

Faulkner G, Biddle S. Exercise as an adjunct treatment for
schizophrenia: a review of the literature. ] Ment Health
1999;8:441-457.

Barlow DH, Allen LB, Choate ML. Toward a unified treatment
for emotional disorders. Behav Ther 2004;35:205-230.
Dimidjian S, Hollon SD, Dobson KS, et al. Randomized trial of
behavioural activation cognitive therapy and antidepressant med-
ication in the acute treatment of adults with major depression. J
Consult Clin Psychol 2006;74:658-670.

Hopko DR, Lejuez CW, Ruggiero K], Eifert GH. Contem-
porary behavioural activation treatments for depression: pro-
cedures, principles, and progress. Clin Psych Rev 2003;23:
699-717.

Jakupcak M, Roberts L], Martell C, et al. A pilot study of be-
havioural activation for veterans with posttraumatic stress disor-
der. ] Trauma Stress 2006;19:387-391.

Paluska SA, Schwenk TL, Paluska SA, Schwenk TL. Physi-
cal activity and mental health: current concepts. Sports Med
2000;29:167-180.

Chalder M, Wiles NJ, Campbell J, et al. Facilitated physical ac-
tivity as a treatment for depressed adults: randomised controlled
trial. Br Med J 2012;344:e2758.



95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Review: Exercise and Anxiety Reduction

Church TS, LaMonte MJ, Barlow CE, Blair SN. Cardiores-
piratory fitness and body mass as predictors of cardiovascular
disease mortality among men with diabetes. Arch Intern Med
2005;165(18):2114-2120.

Kodama S, Saito K, Tanaka S, et al. Cardiorespiratory fitness as
a quantitative predictor of all-cause mortality and cardiovascular
events in healthy men and women: a meta-analysis. ] Am Med
Assoc 2009;20:2024-2035.

Lee CD, Blair SN, Jackson AS. Cardiorespiratory fitness, body
composition, and all-cause and cardiovascular disease mortality
in men. Am J Clin Nutr 1999;69:373-380.

Erickson KI, Kramer AF. Aerobic exercise effects on cogni-
tive and neural plasticity in older adults. Brit J Sport Med
2009;43(1):22-24.

Smith BJ, Bauman AE, Bull FC, et al. Promoting physical ac-
tivity in general practice: a controlled trial of written advice and
information materials. Br J Sports Med 2000;34:262-267.
Blumenthal JA, Babyak MA, Doraiswamy M, et al. Exercise and
pharmacotherapy in the treatment of major depressive disorder.
Psychosom Med 2007;69:587-596.

Mota-Pereira J, Selverio J, Carvalho S, Ribeiro JC, Fonte D,
Ramos J. Moderate exercise improves depression parameters in
treatment-resistant patients with major depressive disorder. J
Psychol Res 2011;45(8):1005-1011.

Ekkekakis P, Parfitt G, Petruzzello SJ. The pleasure and dis-
pleasure people feel when they exercise at different intensities:
decennial update and progress towards a tripartite rationale for
exercise intensity prescription. Sports Med 2011;41:641-671.
Williams DM, Dunsiger S, Ciccolo JT, Lewis BA, Albrecht AE,
Marcus BH. Acute affective response to a moderate-intensity ex-
ercise stimulus predicts physical activity participation 6 and 12
months later. Psychol Sport Exer 2008;9(3):231-245.

Sabourin BC, Hilchey CA, Lefaivre MJ, Watt MC, Stewart SH.
Why do they exercise less? Barriers to exercise in high-anxiety-
sensitive women. Cogn Behav Ther 2011;40(3):206-215.

Smits JAJ, Tart CD, Presnell K, Rosenfield D, Otto MW. Iden-
tifying potential barriers to physical activity adherence: anxiety

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

373

sensitivity and body mass as predictors of fear during exercise.
Cog Behav Ther 2010;39:28-36.

Hart EA, Leary MR, Rejeski W]. The measurement of social
physique anxiety. J Sport Exerc Psychol 1989;11(1):94-104.
Scott LA, Burke KL, Joyner AB, Brand JS. Examining the stabil-
ity of the 7-item social physique anxiety scale using a test-retest
method. Meas Phys Educ Exerc Sci 2004;8:57-62.

Ekkekakis P, Lind E, Vazou S. Affective responses to in-
creasing levels of exercise intensity in normal-weight, over-
weight, and obese middle-aged women. Obesity 2010;18:
79-85.

Arnkoff DB, Glass CR, Shapiro S]. Expectations and preferences.
In: JC Norcross, editor, Psychotherapy Relationships that Work.
New York, NY: Oxford University Press; 2002:335-356.
Conoley CW, Padula MA, Payton DS, Daniels JA. Predictors
of client implementation of counselor recommendations: match
with problem, difficulty level, and building on client strengths. J
Counsel Psychol 1994;41(1):3-7.

Pollack MH, Otto MW, Candilis P, et al. Patient Preference for
Pharmacotherapy or Cognitive Behavioral Therapy in the Treat-
ment of Panic Disorder. Paper presented at the annual meeting
of the Anxiety Disorders Association of America, Orlando, FL;
1996.

Delsignore A, Schnyder U. Control expectancies as predictors of
psychotherapy outcome: a systematic review. Brit J Clin Psychol
2007;46(4):467-483.

Otto MW, Smits JAJ. Exercise for Mood and Anxiety: Proven
Strategies for Overcoming Depression and Enhancing Well Be-
ing. New York: Oxford University Press; 2011.

Smits JAJ, Otto MW. Exercise for Mood and Anxiety Disorders
(Therapist Guide). New York: Oxford University Press; 2009.
Otto MW, Smits JAJ. Exercise for Mood and Anxiety Dis-
orders (Workbook). New York: Oxford University Press;
2009.

Otto MW, Smits JAJ. Exercise for Mood and Anxiety: Proven
Strategies for Overcoming Depression and Enhancing Well-
Being. New York: Oxford University Press; 2011.

Depression and Anxiety



